Abstract -Nine populations of 4 Festuca species (genus Festuca, Poaceae) were studied for meiotic characteristics including chiasma frequency and distribution as well as chromosomal association and segregation. The species studied showed the presence 2n = 2x = 14 and 2n = 6x = 42 chromosome number. The chromosome number of F. akhanii is new. Two populations of allohexaploid species of F. arundinacea, F. valesiaca as well as one population of F. akhanii formed quadrivalents in metaphase of meiosis-I, possibly due to the ocurrence of chromosomes structural changes. Diploid and tetraploid species differed significantly in their relative cytogenetic characteristics, indicating their genomic differences. Almost in all the populations studied laggard chromosomes and stickiness were observed which might bring about some degree of pollen infertility. Chromatin/chromosome migration occurred in most of the species studied resulting in the formation of aneuploid and unreduced meiocytes which in turn may lead to the formation of unreduced pollen grains. Cytomixis and 2n pollen formation in the genus Festuca is reported or the first time.
INTRODUCTION
The genus Festuca L. (Poaceae) is one of the largest genera within the Poaceae family, comprising about 450-500 species distributed all over the world (CLAYTON and RENVOIZE 1986; FOGGI et al. 2005) . They occur in polar, temperate and alpine regions of both hemispheres. The genus Festuca is an ancient group and considered as one of the main evolutionary lines in the tribe Poeae (TZVE-LEV 1971) .
The Festuca species are among important range grasses of Iran distributed all over the country. According to PARSA (1950) 11 Festuca species grow in Iran while, BOR (1970) in Flora Iranica reports the occurrence of 10 Festuca species. Recently AKHANII (2005) has reported a new species from Iran so the total number of Festuca species varies from10-12 according to different authors.
Reports on cytogenetics of Festuca species growing in different parts of the world indicate the importance of these taxa (see for example : PILS 1980; BULIŃSKA-RADOMSKA and LESTER 1986; JAUHAR and CRANE 1990; AIKEN and FEDAK 1991; RASKINA et al. 1995; ORTÚÑEZ and DE LA FUNETE 2004; etc.) , however similar studies are totally lacking for the Festuca species growing in Iran. Therefore the present study provides some basic cytogenetic information about 9 populations of 4 Festuca species from Iran for the first time.
MATERIALS AND METHODS
Plant material -Meiotic studies were performed on 9 populations of 4 Festuca species belonging to the section Festuca L., namely F. arundinacea Schreb. Cytological preparation and meiotic analysisYoung flower buds were collected from 10 randomly selected plants of each species/ population and fixed in glacial acetic acid: ethanol (1:3) for 24 hrs. Flower buds were washed and preserved in 70% ethanol at 4 o C until used (Sheidai et al. 1999; 2002) . Cytological preparations used squash technique and 2% aceto-orcein as the stain.
Cytomixis and unreduced pollen formation in some Festuca L. species of Iran
Fifty to one hundred pollen mother cells (PMCs) were analysed for chiasma frequency and distribution at diakinesis and metaphase stages while 500 PMCs were analysed for chromosome segregation during the anaphase and telophase stages. Pollen satiability as a measure of fertility was determined by staining minimum 1000 pollen grains with 2% acetocarmine: 50% glycerin (1:1) for about ½ hr. Round/complete pollens which were stained were taken as fertile, while incomplete, shrunken pollens with no stain were considered as infertile (SHEIDAI et al. 2000) .
Analysis of variance (ANOVA) followed by the Least Significant Test (LSD) was performed among populations as well as different species studied to detect any significant difference in the relative chiasma frequency and distribution as well as chromosomes association while, c 2 test was performed to detect a significant difference in meiotic abnormalities (SHEIDAI et al. 2003) . In order to detect significant difference between potential unreduced pollen grains and the normal (reduced pollens), t-test was performed. Statistical analyses used SPSS ver. 9 (1998) software.
RESULTS AND DISCUSSION
Data with regard to chromosome number, ploidy level, chiasma frequency and distribution, and chromosome pairing as well as relative cytogenetical data are provided in Tables 1 & 2 The chromosome number of F. akhanii is a new report, while other chromosome numbers support the earlier studies (BULIŃSKA-RADOMSKA and LESTER 1986; JAUHAR and CRANE 1990) . BULIŃSKA-RADOMSKA and LESTER (1986) reported 2n = 4x = 28 to 2n = 10x = 70 for F. arundinacea. According to LEVITSKY and KUZMINA (1927) some of these polyploids correspond to the varieties recognized by SAINT-YVES (1927) .
Among the species having 2n = 6x = 42 chromosome number, the highest value of total chiasmata occurred in The highest value of ring bivalents occurred in the Evin population of F. arundinacea (18.96), while the lowest value occurred in Noshar population of the same species (8.63). The reverse situation was true for the rod bivalents. The highest value of univalnts ocurred in the Evin population of F. arundinacea (0.55), while no univalent was Abbreviations: RB = Ring bivalent, RD = Rod bivalent, I = Univalent, IV = Quadrivalent, TX = Terminal chiasmata, IX = Intercalary chiasmata, TOX = Total chiasmata.
formed in the Kajoor road population of F. arundinacea and F. drymeja. The quadrivalents were formed in most of the populations of the hexaploid species studied (Table 1) . Evin and University populations of F. arundinacea possessed the highest values of relative total and intercalary chiasmata (1.90 & 0.36 relatively), while Noshahr population of F. valesiaca possessed the highest value of relative teminal chiasmata (1.84).
F. arundinacea is (tall fescue, AABBCC) known to form only bivalents due to the presence of a genetic regulation system which ensures bivlent formation by suppressing the homoeologous chromosome pairing and disomic inheritance (JAUHAR 1975; JAUHAR and CRANE 1990) . Such a controlling mechanism is believed to opperate in the other natural polyploid species of Festuca (JAUHAR 1975 ). The present study shows that Evin and University populations of F. arundinacea form only bivalents, while the populations of Kajoor road and Noshahr form quadrivalents in metaphase I (Table 1) . A similar situation is present in the populations of F. valesiaca and F. akhanii.
Different reasons have been suggested for such meiotic behavior including, the breakdown of the regulatory mechanism of diplodising system (JAUHAR 1975) , wide geographical distribution or edaphic diveristy of the populations, polyploid nature of the species etc. (MALIK and THOMAS 1966) . The occurrence of chromosomal structural changes such as translocations may have played role in the multivalents formation in the hexaploid species/ populations studied. The occerrence of heterozygote translocations may increase the amount of genetic variability in the gametes by forming new genetic linkage groups for adaptation to adverse environmental conditions.
Variation in chiasma frequency and localization is genetically controlled (HAZARIKA and REES 1967; COUCOLI et al. 1975 ) and has been reported in populations of different grass species like Aegilops, Lolium and Festuca (REES and DALE 1974; REES and JONES 1977) . Such a variation in the species and populations with the same chromosome number is considered as a means for generating new forms of recombination influencing the variability within natural populations in an adaptive way (REES and DALE 1974) . The ANOVA and LSD tests showed a significant difference (p <0.001) for almost all relative meiotic characteristics among the Festuca species and populations studied, indicating their genomic differences.
Almost in all the species studied, laggard chromosomes and chromosomes stickiness were observed during anaphase I and II (Table 3 ). The sticky chromosomes occurred from early stages of prophase to the final stages of meiosis in most of the species studied. The number of chromosomes involved in stickiness varied from two to many forming a complete clumping of the chromosomes. The highest value of stickiness during metaphase-I occurred in Noshahr population of F. arundinacea (45.00%), while the highest values for anaphase-I and II stickiness occurred in Sharlogh and Yaghtehkalan populations of F. valesiaca (3.20 & 7.14% respectively).
Telophase stickiness occurred in the Evin population of F. arundinacea (4.16%) and Noshahr population of F. valesiaca (3.40%), while anaphase (3.00-29.60%) and telophase (2.77-16.55%), occurred in most of the species and populations stud- ied. Pollen fertility ranged from 68.90-91.71% in the species studied (Table 3) . A significant negative correlation (r = -0.78, p <0.01) was observed between metaphase stickiness and pollen fertility. It has been suggested that infertility in polyploids is not solely due to the production of aneuploid gametes formed by improper segregation of chromosomes during anaphase/ telophase stages, the genetic factors may also bring about pollen sterility as evidenced in tetraploid strains of rye (HAZARIKA and REES 1967) and Avena sativa cultivars (BAPTISTA-GIACOMELLI et al. 2000) . c 2 test showed a significant difference for the percentage of chromosome stickiness and lag- gards among the species and populations studied, further supporting their genomic differences. Such a phenomenon has also been reported in Avena species (BAPTISTA-GIACOMELLI et al. 2000; SHEIDAI et al. 2003) . Genetic and environmental factors as well as genomic-environmental interaction have been considered as the reason for chromosome stickiness in different plant species (NIRMALA and RAO 1996; BAPTISTA-GIACOMELLI et al. 2000) . Cytomixis -Chromatin/ chromosome migration occurred in different directions from early prophase to telophase-II in Evin, Noshahr and Kajoor road populations of F. arundinacea as well as Sharlogh population of F. valesiaca and F. drymeja (Fig. 2) . In some cases one or few chromosomes were migrated in to the neighboring meiocyte leading to the formation of aneuploid cells (Fig. 2) . In some of the meiocytes, syncyte formation and migration of the whole chromosomes led to the formation of the meiocytes having double the normal chromosome number (Fig. 2) . The highest value of syncyte formation was observed in F. drymeja (12.60%). Such unreduced meiocytes may result in the formation of unreduced pollen grains as observed in Festuca species studied (discussed in the following paragraphs).
Migration of chromatin material or chromosomes among the adjacent meiocytes occurs through cytoplasmic connections and cytomictic channels as well as through cell wall dissolution (FALISTOCCO et al. 1995) . Cytomixis is considered to be of less evolutionary importance but it may lead to production of aneuploid plants with certain morphological characteristics (SHEIDAI et al. 1993) or produce unreduced gametes as reported in several grass species including Dactylis (FALIS- TOCCO et al. 1995) and Aegilops (SHEIDAI et al. 1999) . Unreduced gamete formation is of evolutionary importance leading to the production of plants with higher ploidy level.
Unreduced pollen grain formation -The occurrence of large pollen grains (possibly 2n pollen grains) was observed along with smaller (normal) pollen grains in Evin and Noshahr populations of F. arundinacea as well as Sharlogh population of F. valesiaca and F. drymeja which also showed the occurrence of cytomixis (Fig. 2) . The large pollen grains comprised about 2% of pollen grains in both species.
The mean diameter of normal (reduced) pollen grains was 15.50 µm in Evin population of F. arundinacea while, the mean diameter of unreduced pollen grains was 22.00 µm. The same values were 11.00 and 19.50 µm in Noshahr population of F. arundinacea, 14.00 and 23.80 µm in Sharlogh population of F. valesiaca and 8.00 and 19.00 µm in F. drymeja. T-test analysis revealed a significant difference (p <0.001) for the size between the larger sized pollen grains and smaller sized pollen grains. The presence of giant pollen grains has been used as an indication of the production of 2n pollen (VORSA and BINGHAM 1979; BERTAGNOLLE and THOMSON 1995) .
Unreduced gametes are known to produce individuals with higher ploidy level through a process known as sexual polyploidization (VILLEUX 1985) , which has been considered as the major route to the formation of naturally occurring polyploids. Different cytological mechanisms are responsible for the production of 2n gametes (BERTAGNOLLE and THOMSON 1995) . Detailed cytological study of Festuca species showed that the occurrence of cytomixis might be considered as the possible mechanisms of unreduced pollen grain formation. To our knowledge this is the first report on the occurrence of cytomixis and unreduced pollen grain formation in the genus Festuca.
B-chromosomes -B-chromosomes (Bs) of 0-3 were observed in Noshahr population of F. arundinacea Abbreviations: MS = Metaphase stickiness, A1S = Anaphase-I stickiness, A2S = Anaphase-II stickiness, T1S = Telophase-I stickiness, T2S = Telophase-II stickiness, PF = Pollen fertility.
and F. akhanii. The Bs observed were much smaller than the A-chromosomes, round in shape and did not pair with the A-chromosomes or among themselves (Fig. 1) . B-chromosomes are accessory chromosomes occurring in more than 1300 species of Plants and almost 500 species of animals (Camacho et al. 2000) and have also been reported in several species of Festuca (Jauhar 1980; Jauhar and Crane 1990) . The B-chromosomes when present in high number affect negatively the growth and vigor of the plants, while in low number may benefit the plant possessing them. B-chromosomes may significantly increase the chiasma frequency in some genotypes of F. arundinacea (JAUHAR and CRANE 1990) and F. mairei (MALIK and TRIPATHI 1970) , and suppress homoeologous chromosome pairing in the hybrids of Lolium prene X F. arundinacea (EVANS and AUNG 1986) .
T-test analysis did not show a significant difference in chiasma frequency and distribution as well as chromosome pairing between the cells possessing B-chromosomes and the cells devoid of Bs in F. akhanii. However B-chromosomes may suppress the homoeologous pairing in Festuca species studied as some quadrivalents are formed in metaphase of meiosis-I in the Noshahr population of F. arundinacea and F. akhanii. JAUHAR and CRANE (1990) reported pairing between two B-chromosomes forming bivalents during metaphase in different genotypes of F. arundinacea, however the present study shows no pairing among Bs in F. arundinacea and F. akhanii.
